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1.0 INTRODUCTION

The Physical Science Laboratory at New Mexico State Univer-
sity developed a conformal, C-Band microstrip antenna for a 17.2

B
.......

inch diameter cylindrical vehicle. A computer program was written

from a theoretical study by Carver and Coffey [1l] to calculate
the patch dimensions and its driving point impedance. Another
program was written based on an article published in Microwaves
[2] to calculate the characteristic impedances and effective
dielectric constants of the lines used in the harness. A third
program was developed to design the harness and to document the
antenna. An antenna was fabricated to obtain impedance and ra-

diation measurements.

A physical description of the antenna and the measurements
illustrating its electrical performance are presented in the

report.

2.0 PHYSICAL DESCRIPTION OF THE ANTENNA

The Model 94.001 antenna is a microstrip array fabricated
from 0.062" printed circuit board (CuClad 250 by 3M). The sub-
strate is the GX type teflon impregnated woven fiber glass.

The array was designed for a 17 inch diameter cylinder and
consists of three subarrays. Each subarray has sixteen elements
which are fed in-phase with a corporate harness which is photo-
etched on the same board as the elements. When the elements are
mounted on a cylinder they are connected in-phase with coaxial
cable through a three-way power divider. The subarray feeds for
attaching the coaxial cable are SMA connectors. The antenna

is shown in Figures 1 and 2.
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3.0 THE ANTENNA ARRAY DEVELOPMENT

Three small APL programs (PATCH, EPSL and H94001) were
written to aid in the design of the radiating element and the
harness. The programs PATCH and EPSL were based on the publica-
tions [1] and [2] respectively. PATCH calculates the resonant
frequency and impedance of a rectangular element fed coaxially.
EPSL calculates the effective dielectric constant and the char-
acteristic impedance of a microstrip line. H94001 calculates
the harness configuration of a corporate harness for a 16 element
array as a function of the vehicle diameter.

The calculated dimensions for the radiating rectangular
element were 2.68 by 1.488 cm at 5.71 GHz and a substrate thick-
ness of 0.152 cm. The dielectric constant used for the calcula-
tions was 2.45 so that the dimensions in terms of wavelengths in
the dielectric are 0.799 x 0.444 x 0.0453.

A schematic of the harness and the computer printout of the
harness section lengths, widths and characteristic impedances is
shown in Figure 3. Since the subarray is symmetric about the
feed, only eight of the sixteen elements are shown in the sketch.

The time allotted for the development was severely limited.
No attempt was therefore made to write the programs in the most
efficient form. The CPU time for the calculations was short and
using more time to write the program would not have been practi-
cal. The most questionable parameter in the calculations was
the input impedance to each element in the array. The calculated
impedance for a coaxial feed recessed 0.058 inches from the edge
of the antenna was 75 ohms. To save time, harnesses were also
calculated for 100 and 120 ohm input impedances. The three sub-
arrays were fabricated and the impedance curves were measured.
The best results were obtained from the harness for which the
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calculated 75 ohm element impedance was used. The radiation
patterns for the planar subarray were measured and the results
showed that the phasing and power division obtained with this
harness were satisfactory. Two additional subarrays were fabri-
cated and the three subarrays were mounted on a 17 inch diameter
cylinder and fed in-phase from a three-way power divider.

4.0 THE ARRAY CHARACTERISTICS

The characteristics of the antenna are best describe by
impedance and radiation distribution measurements. The i -edance
data for the subarrays measured before they were mounted “he
cylinder is shown in Figures 4 through 6. They show that . the
design frequency the array impedance is close to the 50 ohm cal-
culated impedance. The bandwidth is approximately 600 MHz over
a 2:1 VSWR. 1In Figure 7 the impedance versus frequency curve is
shown with the three subarrays mounted on the cylinder. The
impedance is measured at the end of a 24 inch long feed cable.
This configuration simulates the flight configuration and the
impedances measured are those seen by the beacon. The data shows
that the antenna is well matched uver the entire band.

The radiation patterns are shown in Figures 9 through 14.
The pattern coverage is quite good except for narrow nulls
looking directly into the nose or the tail of the vehicle and
about 30° off axis. The 6 = 90° cut shows more irregular lobing
then one would expect from the array. This is most likely the
result of mounting the antenna on a sheetmetal cylinder rather
then on a machined surface. Also, the prototype antenna was not
truly cylindrical and some gaps between the cylinder and the

antenna may have become excited.

g R————
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Figure 5.

Model 94.001 (002B) Planar
Driving Point Impedence

Subarray




Figure 6. Model 94.001 (002C) Planar Subarray
Driving Point Impedence




Figure 7. Model 94.001 (002A,B,C) mounted on a 17 inch
diameter cylinder and measured at the end of
the 24 inch long feed cable.
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5.0 CONCLUSIONS

A computer aided design was made for a 48 element conformal
microstrip array. The harness lengths are defined in terms of
element spacing which is determined by the number of elements
used and the vehicle diameter, the same program can therefore be .
used for a range of vehicle diameters. An antenna array was
fabricated and the antenna performance was documented by imped-
ance and radiation distribution pattern measurements. It is
believed that the results demonstrate that this is a usable
design.

6.0 RECOMMENDATIONS

The short time allowed for the development did not permit
the incorporation of a heat shield which should be the second
phase of the investigation. It would be useful to investigate
two forms of protection. A dielectric radome and a slotted
metallic shield. The radome adaptation should be uncomplicated,
but adding the metallic shield will probably require a major
change in the harness configuration since the transmission lines
should then be in the stripline mode.

The first suggested use for the antenna would be for the
BERT Project.
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